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SinGLE-PHflSE 
ELECTRIC mOTORS 



4fc* Qotm Hie 



By H. B. Puckett, Agricultural Engineer, Agricultural Engineering Research Division, 
Agricultural Research Service 



An electric motor is an efficient, 
compact, and dependable source of 
power. 

Effective use of a motor requires 
selection of the proper type for the 
job, proper installation, and use of 
suitable controls for operation and 
protection of the motor. 

Alternating-current motors de- 
signed to operate on 60 cycles, 120 or 
240 volts, single-phase service are 
the type in general use on farms. 

Special-purpose motors installed 
by equipment manufacturers as an 
integral part of the " equipment 
usually have particular characteris- 
tics and are not suitable for gen- 
eral-purpose use. 

TYPES OF SINGLE-PHASE A.C. 
MOTORS 

Single-phase, alternating-current 
motors divide into five general 
types : 

1. Split phase. 



2. Capacitor start-induction run. 

3. Capacitor start-capacitor run 
(two-value capacitor) . 

4. Eepulsion-induction. 

5. Series, or universal. 

The motors differ primarily in 
starting torque developed and start- 
ing current required. The type to 
use will depend on the starting re- 
quirements of the equipment to be 
driven. 

Table 1 lists the important char- 
acteristics of each type of motor. 

Split-Phase Motor 

Split-phase motors (fig. 1) are in- 
expensive, simply constructed, and 
suitable for easy starting loads such 
as ventilating fans. The motors are 
electrically reversible — direction of 
rotation can be changed by revers- 
ing the line connections to the auxil- 
iary, or starting, winding. They 
are designed to operate on either 115 
or 230 volts, but not on both. 
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Figure 1. — The split-phase motor is a simple low-cost motor for easy starting loads. 



Capacitor Start-Induction Run 
Motor 

Capacitor start-induction run 
motors (fig. 2) are similar in design 
to split-phase motors with one im- 
portant difference — a capacitor is 
placed in series with the auxiliary 
winding. The capacitor gives the 
motor greater starting torque at less 
current d r a w than split-phase 
motors of equal size. The capacitor 
start-induction run motor is elec- 
trically reversible in the same man- 
ner as a split-phase motor — line con- 
nections to the starting winding are 
interchanged. 

The starting torque of capacitor 
motors may be reduced when op- 
erating at very low temperatures 
because the capacitance of the elec- 
trolytic capacitor is less at low tem- 
perature. 



These motors are the most pop- 
ular type for general use. 

Capacitor Start-Capacitor 
Run Motor 

Capacitor star t-capacitor run 
motors (fig. 3) are similar to the 
cap aci to r start- induct ion run 
motors. They use the same type of 
starting circuit, but a small capaci- 
tor remains in series with the auxil- 
iary winding during the running 
operation. This capacitor gives 
more efficient operation by lowering 
the line current required to energize 
the motor. 

These motors have slightly higher 
starting torque than capacitor start- 
induction run motors and can han- 
dle more difficult starting loads. 
Starting current requirement is 
about the same for both types. 
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Figure 2.— The capacitor start-induction 
is one of the most used general-purp 

The motors are simple in con- 
struction, require little mainte- 
nance, and the direction of rotation 
can be electrically reversed. 




Figure 3.— Capacitor start-capacitor run 
motors have medium high starting 
torque. 



run motor has medium starting torque and 
>se motors. Arrow points to capacitor. 

Repulsion Motor 

The repulsion-induction motor 
(fig. 4) is one of the three major 
variations of the repulsion-type 
motor. The other two are the repul- 
sion start-induction run and the re- 
pulsion. A characteristic of re- 
pulsion motors is that running 
current varies very little with varia- 
tions in load. The motors are more 
expensive than split-phase or ca- 
pacitor motors and require more 
maintenance because of brush and 
commutator wear. 

(a) Repulsion-induction motors 
are capable of starting very heavy 
loads. The rotor lias two windings, 
a wound rotor (similar to a cl.c. 
generator or motor) and a squirrel 
cage. The brushes do not lift. It 
is capable of starting very difficult 



loads under lower voltage than 
other general-purpose motors. 

(b) The repulsion start -induc- 
tion run motor can also handle very 
heavy starting loads and has con- 
stant speed characteristics. This 
type starts as a repulsion and then 
operates as an induction motor simi- 
lar to the split-phase or capacitor 
start motor. 

(c) The repulsion motor is some- 
times referred to as a variable-speed 
motor. Speed of this motor is con- 
trolled by the load. The repulsion 
motor starts and runs as a repulsion 
motor. The brushes do not lift and 
the commutator is not shorted. The 
output torque and its speed with a 
given load is controlled by the brush 
setting. The no-load speed of this 



motor is above synchronous speed. 
(Synchronous speed for a 4-pole 
induction motor on 60-cycle current 
would be 1,800 r.p.m.) 

Series, or Universal, Motor 

The series, or universal, motor 
is a high-speed motor that will 
operate on either alternating cur- 
rent or direct current. It is usu- 
ally a special-purpose motor and an 
integral part of portable equip- 
ment such as drills, grinders, Sand- 
ers, sprayers, vacuum cleaners, and 
food mixers. 

Advantages of this type of motor 
include high starting torque, high- 
power-to-size ratio, and rapid ac- 
celeration of the load to speed. 

Operating speed of these motors 




depends on the load. They do not 
operate at a constant speed, but run 
as fast as the load permits. If not 
loaded, they will overspeed, which 
may damage the motor. 

SELECTION OF MOTOR 

Selection of the electric motor de- 
pends primarily on the type of elec- 
tric power available, type and size 
of the load, and conditions under 
which the motor will operate. 

Power Available 

Farm electric service usually is 
single-phase, 60-cycle, 120/240-volt 
alternating current. Single-phase 
motors up to and including y 2 - 
horsepower size usually may be 
operated on 120 volts. Larger mo- 
tors should be operated on 240 volts. 

Some farms may have three-phase 
electric power available. Three- 
phase power is best for motor opera- 
tion, especially for larger motors. 
T h r e e-phase, general-p u r p o s e 
motors are available and are less ex- 




Figube 5. — Drip-proof (left) and splash 
through the motor windings. The sp 
against the entry of splashing liquids. 



pensive than single-phase motors in 
the 1-horsepower and larger sizes. 

Load 

Farm equipment varies widely in 
the amount of power required for 
starting. For example, fans, bench 
saws, and grindstones are easy to 
start. Split-phase motors, which 
have low starting torque, would 
satisfactorily operate such equip- 
ment. Some equipment, such as re- 
ciprocating compressors, auger con- 
veyors, and vacuum pumps, are 
harder to start and require motors 
with higher starting torque, such as 
the capacitor start-induction run 
motor. Other equipment, such as 
bucket elevators, barn cleaners, or 
silo unloaders are hard to start and 
require motors with high starting 
torque, such as capacitor start- 
capacitor run or repulsion-induc- 
tion motors. Specially designed 
capacitor motors are suitable for 
heavy or hard-to-start loads. 

Farm-equipment manufacturers 
usually recommend the type and 
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■proof (right) motors draw cooling air 
ash-proof motor has greater protection 
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Figure 6. — Open-type motors that are installed outside should be protected from 
the weather by a suitable covering. The motor drive is covered as a safety 
precaution. 



size of electric motor needed to op- 
erate their equipment. 

Operating Conditions 

Electric motors frequently must 
operate under adverse conditions in 
an environment of excessive dust, 
dirt, moisture, or explosive gas or 
dust mixtures. 

Motors are available with differ- 
ent types of enclosures, or housings, 
for use under specific operating con- 
ditions. Selection of the proper 
type of enclosure is important for 
protection of the motor and for 
personal safety. 

Two general types of enclosures 
are available — open and totally 
enclosed. 

Open enclosures may be drip 
proof or splash proof (fig. 5). A 
drip-proof enclosure protects the 



motor from falling liquid. It is de- 
signed for indoor use where the air 
is fairly clean and there is little 
danger of splashing liquid. 

A splashproof enclosure protects 
the motor from splashing liquids. 
It is suitable for use in dairies and 
other places where equipment must 
be washed. It may be used out- 
doors, but must be protected from 
the weather (fig. 6.). 

Totally enclosed motors are not 
ventilated internally and may be 
cooled by fan or by direct radiation 
and convection of heat through the 
case (fig. 7). They may be dust- 
proof, waterproof, or explosion 
proof. They are designed for use 
under conditions of excessive dirt 
or moisture or where explosive gas 
or dust mixtures may be present, 
such as in feed or flour mills. 
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Figure 7. — Totally enclosed motors may be either nonventilated, disposing of heat 
by radiation, or fan cooled. This is a fan-cooled type. 




A B 

Figure 8. — A motor equipped with ball bearings may be mounted in any position. 
Ball bearings can take a small amount of axial thrust. Bearings may be either 
(A) the sealed type, requiring disassembly for relubrication, or (B) the type 
lubricated by grease gun. 
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Bearings 

Electric motors are available with 
either sleeve or ball bearings (figs. 
8 and 9). Sleeve-bearing motors 
usually cost less than ball-bearing 
motors. 

Sleeve-bearing motors usually are 
designed to operate only in the 
horizontal position. They are oil 
lubricated, and the oil reservoir 
must always be toward the bottom 
of the motor. 

Ball-bearing motors may be op- 
erated in a horizontal or vertical 
position. Ball bearings ordinarily 
used in electric motors are designed 
to absorb some thrust, but if the 
thrust load is high, special thrust 
bearings must be used. 

Durability 

The durability of a motor is in- 
dicated by its duty rating. 

Motors are designed for "con- 
tinuous" and "limited" duty. Con- 
tinuous-duty motors will deliver 
rated horsepower for an indefinite 
period of time without overheating. 
Limited-duty motors will deliver 
rated horsepower for a specified 
period of time before overheating 
and will burn out if continuous^ 
operated at rated load. 

A general-purpose motor should 
always be a continuous-duty type. 
Special-purpose motors are de- 

Figure 9. — Low-cost sleeve bearings are 
suitable for many motor applications. 
The motor shaft must be mounted hori- 
zontally with the oil reservoir under- 
neath. Sleeve bearings will not absorb 
axial thrust. They may be lubricated 
by (A) oil wick, (B) yarn, or (C) oil 
ring. 
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signed for a particular job in which 
the specified time rating would not 
be exceeded. A silo unloader is an 
example. A limited-duty motor 
may operate the unloader satisfac- 
torily for 30 minutes each period 
and the motor will cost less. If the 
operation period is extended to 1 
hour, the motor will overheat and 
burn out prematurely. 

Motor nameplates (fig. 10) carry 
three ratings indicating motor dur- 
ability — motor code, service factor, 
and temperature rise. Motor code — 
designated by a letter on the name- 
plate — is indicative of starting cur- 
rent. The higher the locked-rotor 
kv.-a, the higher will be the start- 
ing current surge. Table 2 shows 
the various letter designations and 
the locked-rotor kv.-a. they repre- 
sent. 

M0D 5Kfi45P9gAX-— 
HP a/4 FR Sfi ■ 

IPM 17?S CODE .i 



THERMAL PROTECTION 



a m a/5 4 cy fin 

TjQ C - 

\iiHQIfL 

'"9 out 

Figure 10. — The motor nameplate gives 
motor characteristics. The code desig- 
nation, duty cycle, and temperature 
rise are important considerations in 
selecting a motor for a given job. 



Table 2. — Electric motor code des- 
ignation for locked-rotor kv.-a. 
per horsepower 1 



Code letter 


Locked-rotor 
kv.-a. per horse- 
power 2 


A 


0 to 3.15 
3.15 to 3.55 
3.55 to 4.0 
4.0 to 4.5 

4.5 to 5.0 

5.0 to 5.6 

5.6 to 6.3 
6.3 to 7.1 

7.1 to 8.0 
8.0 to 9.0 
9.0 to 10.0 

10.0 to 11.2 
11.2 to 12.5 
12.5 to 14.0 
14.0 to 16.0 
16.0 to 18.0 
18.0 to 20.0 
20.0 to 22.4 
22.4 and up 


B 


C _ 


D 


E 


F_ 


O 


H_ 


J 


K 


L_ _ _ _ 


M 


N 


P 


R 


S 


T 


U__ 


V 





1 Taken from the motor standards of 
the National Electrical Manufacturers 
Association. 

2 Locked-rotor kv.-a. per horsepower 
range includes the lower figure up to, but 
not including, the higher figure. For 
example, 3.14 is letter A and 3.15 is letter 
B. (Locked-rotor kv.-a. is equal to the 
product of line voltage times motor cur- 
rent divided by 1,000 when the rotor is 
not allowed to rotate — this corresponds 
to the first power surge required to start 
a motor.) 

Service factor indicates the 
amount of overload, the motor can 
tolerate. 

Temperature rise is the extent — 
in number of degrees — to which 
motor temperature will exceed the 
surrounding air temperature at 
rated load. 

The motor nameplate describes a 
motor's characteristics to the user. 
Figure 10 illustrates a typical motor 
nameplate and shows the important 
information. 

Generally, a motor with a con- 
tinuous-duty rating and a 40-de- 
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gree-centigrade temperature rise 
(72° F.) is a good motor capable 
of operating satisfactorily for an 
indefinite period of time if properly 
serviced and operated under normal 
conditions. 

INSTALLATION 

Proper installation of the elec- 
tric motor is essential for satisfac- 
tory operation, maximum service, 
and personal safety. The installa- 
tion and wiring should conform to 
that recommended by The National 
Electrical Code or any local code re- 
quirements which may be more 
restrictive. 

Wiring 

Motors perform best at rated vol- 
tage. Full-load voltage at the motor 
should be within 2 percent of the 
voltage at the meter and within 5 



percent of the "nameplate" voltage 
rating of the motor. 

Low voltage is a major problem 
in motor operation. It frequently 
results from voltage drop caused 
by inadequate wiring. Table 3 
shows minimum allowable wire sizes 
for single-phase motors located var- 
ious distances from the service 
entrance. 

Wiring serving an electric motor 
or motors must be protected against 
short circuits by proper overcur- 
rent protection. In addition, motors 
that are served from the main serv- 
ice panel or from branch circuits 
must have individual overload pro- 
tection. Overload protection may 
be provided by means of circuit 
breakers, time-delay fuses, or ther- 
mostatic overload devices built into 
the motor. Figure 11 shows a typ- 
ical motor installation and methods 
of providing overload protection. 



Service entrance 
disconnect and 
fuse panel 



o o o o 



Time -del ay fuse 
in branch circuit 
for single motor. 



Time -delay fuse 
and switch unit or 
motor controller 



y unfused 
switch 



7 V 



/ \ 

Thermal overload 
protection 



Figuke 11. — Typical motor circuits which provide motor overload protection. 
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Mounting 

Secure mounting and correct 
alinement with the load are essential 
for proper motor performance. 

Locate the motor where it is 
readily accessible, but not in the 
way. If possible, locate it where it 
will not be exposed to excessive 
moisture, dust, or abrasive material. 

Mount the motor on a smooth, 
solid foundation and fasten the 
mounting bolts tightly. If mounted 
on an uneven base or insecurely 
fastened, the motor may become 
misalined with the load during 
operation. This will throw unnec- 
essary strain on the frame and bear- 
ings, causing rapid wear and over- 
heating. Loose mounting bolts also 
cause vibration and noise during 
operation. 

Connecting to the Load 

Motors may be connected to the 
load by direct drive, chain and 
sprocket, or belt and pulley. 

Direct drive may be used only 
when the motor and the driven 
equipment operate at the same 
speed. Use of a flexible coupling is 
recommended, and near-perfect 
alinement of motor shaft and driven 
shaft is required to prevent exces- 
sive wear of shaft bearings. 

High-speed chain drives are used 
Avhen a positive drive is necessary 
or when the torque required is more 
than a V-belt drive can transmit. 

A V-belt drive is the most com- 
mon and the easiest method of con- 
necting a motor to the load. 

Most motors available for farm 
use operate at about 1,800 r.p.m. ; 
most equipment operates at much 



slower speeds. To compensate for 
the difference in operating speeds, 
you must use the proper size pulley 
on the driven equipment. To deter- 
mine the load pulley size: Multiply 
the speed of the motor by the dia- 
meter of the motor pulley and then 
divide by the speed of the driven 
equipment. 

Ewample 

An ensilage cutter runs at (>0O r.p.m. 
The motor operates at 1,800 r.p.m. and 
has a 6-inch pulley. 

1,800 (motor speed) X 6 (motor pulley 
diameter) =10,800. 

10,800-:-000 (equipment speed)— 18. 

You would need an 18-inch pulley on 
the ensilage cutter. 

Motor pulley and equipment 
pulley must be correctly alined to 
avoid excessive wear of belt and 
bearings (tig. 12). You can check 
pulley alinement by laying a 
straightedge along the outside edge 
of the pulleys (fig. 13). 




Figure 12. — A slotted motor base pro- 
vides a convenient method for alining 
the motor with the load and for adjust- 
ing belt tension. 
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Figure 13. — Aline the motor and load 
pulleys so that the belt is perpendicu- 
lar to each shaft. 

Proper belt tension must be main- 
tained with a belt drive. If the 
belt is too loose, it will slip in the 
drive pulley, overheat, and wear 
out quickly. If it is too tight, it will 
cause excessive wear of belt and 
bearings. The belt should be snug 
in the pulley grooves, but not "bow- 
string" tight. Figure 14 shows 
proper belt tension. 

Motor Wiring Connections 

Single-phase, single-speed motors 
usually have two to six line leads, 
the number depending on the type 
of motor and on whether it is single 
or dual voltage. 

Single- volt age split -phase and ca- 
pacitor motors that are not rever- 
sible — direction of rotation cannot 
be changed — have only two leads. 

Single-voltage split-phase and 



capacitor motors which are rever- 
sible have four line leads, two for 
the main winding and two for the 
auxiliary, or starting, winding. 

Dual -volt age capacitor motors 
will have a minimum of six leads, 
four main winding leads and two 
auxiliary, or starting winding leads. 
For the low-voltage operation, all 
windings are connected in parallel 
to the line. For high-voltage opera- 
tion, the main windings are wired in 
series and the auxiliary winding is 
connected to the center leads of the 
main winding and to one of the 
supply lines. 

You can reverse a split-phase or 
capacitor motor — change the direc- 
tion of rotation — by reversing the 
electric connections of either, but 
not both, the main or the auxiliary 
winding to the line (fig. 15). The 
terminals may be located on a termi- 
nal board or brought out of the 
motor frame into a terminal box 

Press 



No Slack 



Incorrect 



Press 




Very slack, belt not seated in grooves. 



Press 



Correct 



01 



Some give in belt and seated in pulley grooves. 

Figure 14. — Adjust V-belt tension cor- 
rectly. 
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FIGURE 15. — The wiring diagram of a split-phase or capacitor motor shows which 
leads to interchange to reverse the direction of rotation. 



as numbered leads. Be sure to fol- 
low the motor wiring diagram in 
making all connections. 

Repulsion start-induction run and 
repulsion induction motors are usu- 
ally dual-voltage motors with four 
winding leads. For low-voltage op- 
eration, the main windings are 
wired in parallel. 

For high-voltage operation, the 
windings are wired in series. No 
change in rotor-brush connections is 
necessary for operation at either 
voltage. 

You can reverse repulsion -type 
motors simply by rotating the brush 
ring to the alternate position (fig. 
16). The brush ring of a repulsion- 
type motor is held in position by a 
locking screw or a spring clip ; when 
released, the brushes may be rotated. 
The two brush positions are marked 
on the ring with an index on the 
frame. When the brush position is 
changed from one position to the 
other the direction of rotation is re- 
versed. 



Special-purpose or special-duty 
motors .may differ in wiring and 
method of reversing direction of 
rotation. Consult the manufactur- 
er's instructions. 

MOTOR PROTECTION AND 
CONTROL 

Protection 

Motors must be protected against 
short circuits and overload. 

An overloaded motor draws ex- 
cessive current from the line: this 
causes overheating, which destroys 
insulation on windings and causes 
bearings to seize. (Maximum tem- 
perature at which a motor can op- 
erate depends on its construction 
and the type of insulation used on 
windings. A general-purpose mo- 
tor is overheating if you cannot 
hold your hand on it for a few 
seconds.) 

Motors may draw 3 to 12 times 
the amount of current for starting 
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Figure 1(5.— Most repulsion-induction motors are reversed by rotating the brush 
ring (as shown) to the alternate position. Double arrow indicates rotation. 

than for running at full load. Motor starter switches, both man- 
Short-circuit protection devices ual and electromagnetic, are avail- 



must be able to carry this high cur- 
rent for a short time. 

Ordinary circuit fuses do not pro- 
tect the motor; they protect the cir- 
cuit wires only. Therefore, addi- 
tional motor protection is needed. 

Time-delay fuses (fig. 17) afford 
both short-circuit and overload pro- 
tection. A short circuit almost in- 
stantly melts the fusible link in the 
fuse, opening the circuit. In case 
of overload, heat developed in the 
second element of the fuse weakens 
a eutectic solder connection, permit- 
ting a spring to break the connec- 
tion (fig. 18). Time-delay fuses 
must be of the proper size to protect 
the motor. 



able with built-in overload protec- 
tion. The thermal overload relay is 
the most commonly used protective 
device in the switches (figs. 19 and 
20). A thermal overload relay is 
usually one of two types — bimetal- 
lic or eutectic solder. The bimetal- 
lic type may be temperature com- 
pensated. If the overload relay is 
not temperature compensated, in- 
stall the combination switch-relay 
unit where it will be under the same 
operating conditions as the motor. 

A thermal overload switch built 
into the motor affords the best pro- 
tection against overload (fig. 21). 
The switch can open the line di- 
rectly on fractional horsepower 
motors. For larger motors, a relay 
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Figure 17. — Time-delay fuses of the proj 
circuits. The fuse on the left can replace 
The middle fuse is a cartridge fuse and 
fuse on the right when placed in a fuse 
except one of equal rating. 

may be needed if the thermal unit 
cannot handle the larger current. 
Built-in thermal protective units 
may be automatic-reset or manual- 
reset type. A manual reset is rec- 
ommended for general- purpose use ; 
you can correct the cause of overload 
before restarting the motor. 

Control 

Control switches (fig. 22) for 
electric motors must be able to with- 
stand high in-rush starting current 
and the arcing that occurs when (lie 
circuit opens. "Quick-make, quick- 
break" switches equipped witli "arc 
quenchers" are used and are rated in 
horsepower and voltage. 

T-rated t u m b 1 e r-type light 
switches should not be used to con- 
trol electric motors. They can 
withstand the high in-rush current, 
but not the arcing. Such switches 
not equipped with "arc quenchers" 
usually burn out quickly. 

A magnetic motor starter is the 
best method of controlling a motor. 
It should be used for all motors 
larger than 1 horsepower and is es- 
sential in automatic control sys- 
tems. 



BN-13S.'!3-X 

er size should be used to protect motor 
* a common plug fuse on old installations, 
should he used in 230-volt circuits. The 
socket cannot he replaced with any fuse 




BN— 13831— X 

Fiona-: IS. — Time-delay, two-element 
fuses. The stripped unit on the left 
shows the two elements, one for short- 
circuit protection (fusible links) and 
one for a brief overload (the spring- 
loaded eutectic solder link in the 
center of the fuse). 



19 



Figure 19. — The thermal overload relay may be the bimetallic (shown above) or 
eutectic solder type. It is the most often used protective device for manual and 
electromagnetic starter switches. A, Heater: />, interlock contacts; C, bimetallic 
strip: I), compensation adjustment. 
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Figure 20. — Thermal overcurrent relay elements are resistance units that generate 
heat in proportion to the current flowing through them. On the left is a heater 
for a bimetallic overcurrent relay. In the middle is a eutectic solder unit. On 
the right is a heater used in a small manual starter switch. 
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Figure 21. — A thermal overload switch \vh 
method of protecting the motor from ov< 
button. 

SERVICING 

A well-made electric motor, prop- 
erly installed, requires less mainte- 
nance than many other types of 
equipment. However, for best and 
economical performance, a motor 
will require periodic servicing. 

Periodic Servicing 

Perform these service operations 
at least once a year — and more often 
if the motor operates under severe 
heat, cold, or dust conditions : 

• Remove dust and dirt from air 
passages to insure proper cooling. 
Plugged air passages, or a coating 
of dirt on a totally enclosed motor, 



[ch is built into the motor is an excellent 
jrload conditions. Arrow points to reset 

will cause the motor to overheat 
under normal operation. 

• Check bearings for wear. Ex- 
cessive side-phiy or end-play may 
cause the motor to draw higher 
starting current and develop less 
starting torque. 

• Lubricate with the type and 
amount of lubricant specified by the 
manufacturer. Do not over-lubri- 
cate. Too much lubricant is just as 
bad as too little. 

• Check wiring for frayed or 
bare spots. Repair or replace as 
needed. 

• Clean starting-switch contacts 
of split-phase and capacitor motors 
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Figure 22. — The correct motor starter switch provides the best protection for your 
motor. Left to right: A magnetic motor starter with self-contained push-button 
switches; a push-button start-and-stop station for remote installation with a 
magnetic starter; a manual starter switch for integral horsepower motors; and a 
manual switch for fractional horsepower motors. 



and commutator and brushes of re- 
pulsion motors. Use very fine sand- 
paper, not emery cloth. Replace 
worn brushes. Be sure that the 
brush-lifting and shorting-ring ac- 
tion works smoothly. 

• Be sure that the motor shaft 
turns freely. Tight or misalinecl 
bearings will cause the motor to 
overheat. 

• Check belt pulleys to be sure 
that they are secure on their shafts. 
Aline belts and pulleys. Improper 
alinement causes excessive wear of 
belts and pulleys. Check belt ten- 
sion. Replace belts if they are 
badly worn. 



Repair 

If properly installed and serv- 
iced, an electric motor should give 
trouble-free service for many years. 
However, a motor will occasionally 
give trouble and may even fail to 
operate. Some repairs will require 
the services of an experienced elec- 
trician or motor serviceman ; others 
can be made by the operator. 

Table 4 lists various motor trou- 
bles, their causes, and repairs. 

Caution: Do not attempt to make 
changes or repairs on electric 
motors until they have been discon- 
nected from the circuit. 



Table 4. — Troubles in single-phase motor operation, causes, and remedies 
MOTOR FAILS TO START 



Cans 



Remedy 



Fuses blown 

Switch open 

Broken connections 
No voltage on line_ 
Poor connections. _. 

Wiring too small 

Overloaded service . 



Examine fuses, switches, and connections 
between motor terminals and points of 
service. Also look for broken wires and 
connections. 

Examine and repair connections. 

Increase size of wire. 

Notify power company. 
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MOTOR FAILS TO START— Continued 



Cause 


Remedy 


Not sufficient torque 
Bearing linings worn so that rotor rubs 
on stator. 

Bearings too tight, or lack of proper 

lubrication. 
Broken connections _ _ 
Burned-out windings, indicated by 

smoke and local heating. 


Reduce load and check for low voltage. 
Renew sleeves, center rotor in stator bore. 1 

Adjust and lubricate bearings. Check end 
bells for alinement. 

| Locate and repair. 1 


EXCESSIVE HEATING 


Overloaded 

Poor or broken insulation 
Broken connections 
Grounds or short circuits 
Wrong connections 
Worn bearings 
Rotor rubs on stator 
Bearings too tight 
Belt too tight 


Reduce load. 
jTest and repair. 1 

Check with wiring diagram of motor. 
1 Test with feeler and renew or repair bearings; 
j check end bells alinement. 1 

Renew bearing sleeves. 1 

Slacken belt. 


EXCESSIVE VIBRATION 


Unbalanced rotor 
Worn bearings _ _ 
Misalined with load 
Loose mounting bolts 
Unbalanced pulley 
Uneven weight of belt 


Have rotor balanced. 1 
Replace sleeves. 1 

Aline motor shaft with load shaft. 
Tighten. 

Have pulley balanced or replace with new. 
Get new belt. 


EXCESSIVE SPARKING WHEN STARTING 


Dirty or rough commutator 

Worn or stuck brushes 

High or low commutator bars . _ 

Excessive sparking at one place on 

commutator. 
High mica 
Overloaded 

Open rotor or stator coil 
Grounds 


Clean and sandpaper. 1 
Renew or adjust brushes. 1 
Turn off in lathe. 1 

Check for shorted rotor winding or loose 

winding to bar connection. 1 
Undercut mica. 1 
Lighten load. 

j Inspect, test, and repair. 1 

Notify power company and inspect wiring. 


Poor connections 
High or low voltage 


EXCESSIVE SPARKING AT NORMAL SPEED 


Dirty short-circuiting device 

Governing mechanism sticks or is 

badly adjusted. 
Worn brushes 


Clean with acceptable solvent — do not use 

carbon tetrachloride. 
Readjust mechanism. 1 

Replace. 


EXCESSIVE SPEED 


Dirty short-circuiting device 

Governing mechanism sticks or is 
badly adjusted. 


Clean with acceptable solvent — do not use 

carbon tetrachloride. 
Readjust mechanism. 1 



1 These repairs should be made by an experienced electrician. 
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LOW SPEED 



Cause 


Remedy 


Overloaded 

Dirtv or rough commutator 
Badlv worn brushes 
Brushes not properly set 
Brushes stuck 
Wrong or bad connections 

Low voltage 

Overloaded line 

Wiring too small . _ . 


Reduce load. 

Clean and sandpaper. 1 

Replace with new brushes. 1 

Adjust brushes. 1 

Clean and adjust. 

Check for proper voltage connections and 

repair. 
Reduce load. 

jlncrease size of wire. 1 



MOTOR HUMS BUT WILL NOT START 



Worn brushes 

Starting winding switch does not close _ 

Brushes stuck in holder 

Brushes not properly set 

Motor overloaded 

Open rotor or stator coil 

Defective starting capacitor 

Worn bearings 

Burned or broken connections 

Overloaded line 

Low voltage 

Poor connections _ _ 



Renew brushes. 

Clean or replace and lubricate if needed. 

Adjust brushes. 1 

Check with marks on frame. 

Lighten load. 

Test and repair. 1 

Replace. 1 

Replace bearings. 1 
Test and repair. 1 

| Notify power company and check wiring. 

Repair. 



MOTOR WILL NOT START WITH ROTOR IN CERTAIN POSITION 



Burned or broken connections.. 
Open rotor or stator coil 



jlnspect, test, and repair. 1 



SLOW ACCELERATION 



Dirty or rough commutator 

Worn or stuck brushes 

Brushes not set properly 

Overloaded 

Poor connections 

Low voltage _ 

Overloaded line 



Clean and sandpaper. 
Renew or adjust. 1 
Adjust brushes. 1 
Lighten load. 
Test and repair. 

Lighten line load or increase size of line 
wire. 1 



RAPID BRUSH WEAR 



Rough commutator 

High or low bars 

High mica 

Overload 

Poor connections 

Low voltage 

Commutator not round 



Smooth with fine (00) sandpaper. (Do not 

use emery cloth.) 
Turn off in lathe. 1 
Undercut mica. 1 
Lighten motor load. 
Test and repair. 
Increase size of wire. 1 
Test and repair. 1 



1 These repairs should be made by an experienced 
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